Volatile elements from a basalt and from an obsidian were identified following slow neutron irradiation of the samples and a gamma ray spectroscopic assay of the room temperature distillate. The covariance of the enrichment factors for a variety of metals in the distillate and in atmospheric aerosols suggests that natural volatilization is responsible in part for the metal burdens in the atmosphere.
INTRODUCTION
we could assess the role of rock volatility in the major sedimentary cycle and its influence The volatility of metals from crustal rocks upon the atmospheric concentrations of these has been proposed to account in part for their elements. atmospheric concentrations (GOLDBERG, 1976) . A rather simple approach was chosen which The metal concentrations in air generally parallel gives high analytical sensitivity for the deter their volatilities as reported by emission spectro mination of some elements volatilizing from scopists.
Further, those metals enriched in the rocks by slow neutron irradiation followed by atmosphere, in comparison to their abundances the radiometric assay of the condensed vapors. in crustal rocks, are often found associated
We are aware of certain deficiencies in this with fumarolic encrustations.
Since the vapor method. First of all, the range of analyzable pressures of most metallic species in rock form elements is limited. For example, lead cannot ing minerals at environmental temperatures have be analyzed inasmuch as a detectable radio not as yet been measured, direct comparisons isotope is not produced in slow neutron irradia of air concentrations with vapor pressures and tion. Secondly, there is the possibility of the with species abundances cannot be made. enhancement of the volatility of a given element Perhaps the textbook example of a metal as a consequence of "hot atom chemistry". whose atmospheric concentrations reflect a The neutron capture by a given nuclide results degassing of the earth is mercury (WEISS et al., in the emission of prompt gamma rays . The 1971).
Recent measurements of mercury in recoil of the nuclide can place it in a physical the atmosphere by MATSUNAGA and GoTO (1976) or chemical state that is more liable to volatiliza indicate rather constant values and a residence tion.
The importance of this effect may be time of the metal in air of about 5.7 years.
assessed by irradiating rock samples for different Gaseous phases of mercury appear to account time periods. In principle , the longer the irradia for over 90% of the atmospheric concentrations tion, the more damage will be done to the rock consisting primarily of mercury (II) 
EXPERIMENTAL

Samples
Two previously unstudied rocks were studied: a tholeiitic basalt recovered from the South Indian Ocean (Atlantis II, 6-3(3)) in February 1976; and a rhyolitic obsidian from Mono Crater, California. The samples were ground in a mullite mortar and 500mg of the 250 500 micron size fraction were irradiated following separation by settling in water. This large size fraction provided adequate surface area* for the volatilization and minimized mobilization of the particles in the volatilization chamber. Standard rock samples were not used inasmuch as they usually contain fine fractions susceptible to mobilization in the volatilization chamber through handling.
Irradiations
Two slow neutron reactors were used for the irradiations.
The halogen and sodium studies involved the use of a Triga reactor at the University of California, Irvine, with a thermal flux of 1 X 1012 neutrons/cm'/ second. Here irradiations were made in poly ethylene vials. For these short-lived radio isotopes routine irradiation times were 2 4 hours followed by a cooling time of 15 minutes before starting the volatilization to allow for the decay of Al-28. The metals were investigated with irradiations at the University of Missouri reactor with a thermal flux of 1 X 1014 neutrons/ cm'/second. Quartz vials were used for the irradiations. The samples for metal assay were irradiated for 5 days with a cooling time of around ten days to permit the decays of Na-24 and Mn-56. Volatilization and condensation The ir radiated samples were placed in the glass volatili zation chamber ( Fig. 1 ) where evaporization took place typically for times of 30 minutes to two hours for the halogens and 15 days for the metals.
The chamber was evacuated to a pressure of 0.3 I X 10-3 atmospheres, limited by the vapor pressure of water and of the chamber materials.
The vapors were condensed upon the surface of the chamber, the lower part (below the seal) of which was cooled with liquid nitrogen.
The condensates were rinsed from the chamber twice with 15 ml of hot 6N HNO3 and once with 10 ml of hot 3N HF and then poured into 50m1 plastic counting vials. 
Radio-assay
The radioactivity of the con densates was analyzed by means of Ge(Li) detectors coupled to multi-channel analyzers at the University of California, Irvine, or at the Batelle Northwest
Institute. Counting times were 20 minutes to 2 hours for the halogens and 1,000 minutes for the metals.
Standards 1 1,000 nannograms of standard metal solutions or halogen samples were ir radiated such that the resultant activity was in the 100 1,000 dps range.
Rock analyses
Elemental compositions of the rocks were determined by instrumental neutron activation analysis (INAA) (Na, Mn, Cl, Sc, Co, Fe and Cr) and by radiochemical neutron activation analysis (RNAA) for the others (Sb, Zn, Cd and Hg) using separations on hydrated antimony peroxides and Dowex columns (MOR RISON et al., 1969 Table  1 .
RESULTS
The effects of irradiation time and/or eva orization time upon the volatility of eleme can be seen in the following data involving sodium and bromine (Table 2 ). These elements have short half-lives and favorable activation parameters such that their radio-assay is possible after short irradiations and evaporations. Most metals could not be used in these experiments inasmuch as there were inadequate sensitivities for their detection with short irradiations. where p is the vapor pressure, w the flux from the surface in units of g/cm2/sec, R is the gas constant, T, the absolute temperature and M the molecular weight of the evaporating species. For the case of our rocks with a mercury flux of 1.1 X 10-,5g/cm'/sec (See Table 3 ), the calculated vapor pressure is 6 X 10-9 atmosphere, in more than three orders of magnitude less than th e vapor pressure of the metal (2.6 X 10-6 atmospheres at 300° K) which constitutes a substantial part of atmospheric mercury.
Thus, since the measured vapor pressure is so much less than expected, either diffusion is limiting p_ or mercury exists in less volatile forms than that nts of the elemental state.
Further, these results suggest that the effect of increased irradiation time upon the deteriora tion of rock structure with a consequential enlargement of volatilization is not important.
Some elements with high fluxes, normalized to those of manganese or scandium, which are presumed to be relatively involatile, are those with known volatile compounds ( Table 3 ). The mercury, selenium, zinc and antimony fluxes clearly reflect the known high volatility of these elements or their compounds.
Somewhat un expected were the high fluxes of chromium and cobalt.
A comparison of the abundances of the metals in the Greenland Glacier with those in the condensates from the volatilization experi ment will be indicative of the contribution of Table 2 . Fluxes of sodium and bromine from the basalt as a function of irradiation and evaporization time . Units of ng/cm2lsec. Errors in these numbers are ten per cent or less. 3.08 X 10-5
1.08 X 10-6 2.92 X 10-7
5.18 X 10-8 1.01 X 10-9 <1.14 X 10-6 5.88 X 10-7 4.94 X 10-8 0.540 ± 0.361 3.89 ± 3.50 X 10-3 5.22± 3.80 X 10-4 0.147 8.25 ± 8.20 X 10-1 2.07 X 10-6 <1.5 X 10-7 1.33 X 10-7 2.56 X 10-7 8.98 X 10-10 1.13 X 10-7 1.06 X 10-6 Table 4 . Ratios of elements in (WEISS et al., 1975) densates rock volatility to their atmospheric contents (Table 4 ). Here we assume that the metal concentrations in the glacial levels accumulated before 1,800 are not influenced by the activities of man. The data are normalized to the mercury value, assuming all of the mercury in the atmo sphere comes from degassing of the earth's surface. The enrichment factors for the rhyolite and basalt condensates are compared with the enrich ment factors for aerosols from the South Pole where man's effect is less than in more northerly areas ( Fig. 2 and ENRICHMENT FACTOR /,VC / X 1 AEROSOL 1Ref otm rock Fig. 2 . The enrichment factor of elements in the South Pole aerosols and in the condensates from the rhyolite or basalt. * For these computations , we have assumed an atmospheric concentration for mercury of 1 ng/m3; Hg and Se concentrations in the rhyolite are similar to those in standard and rhyolitic rocks (reference) and Hg and Cd in basalts are similar to those in standard rocks (reference). The South Polar aerosol data are taken from ZOLLER et al. (1975) . tility is in large part responsible for the natural atmospheric burdens of the elements considered.
